METHOD AND APPARATUS FOR RE-HYDRATING DRY CROP WITH STEAM 



Related Application 
[0001] This application is a continuation-in-part of Application Serial No. 
10/412,136, filed 10 April, 2003, now abandoned. 

Field of the Invention 

[0002] The present invention relates to re-hydrating dry crop with steam during the 
baling process. In the context of the invention, dry crop is crop not intended to be 
stored as silage and which cannot othen^/ise be stored without having a preservative 
added to it to prevent spoilage. 

Background of the Invention 
[0003] A long-standing problem associated with baling leafy crops, such as alfalfa 
hay, in dry climates is that of having sufficient moisture in the crop so as to prevent 
the leaves from shattering or becoming detached from the crop stems during transfer 
of the crop from the crop windrow to the baler and then as the crop moves through 
the baler. Such a crop has a moisture content of between 70-80%, determined on a 
wet basis, when first cut and windrowed. Traditionally the windrowed crop has been 
permitted to dry down to a few percentage points above a desired storage moisture 
content and then to let the bale dry to this desired moisture content. Leaf shatter 
becomes a serious problem when the moisture content of the leafy crop drops below 
about 14% prior to baling. 

[0004] One somewhat successful procedure to re-hydrate crop during the baling 
process has been to inject steam into the crop during the baling process. U.S. 
Patent Nos. 6,109,008 and 5,758,479 disclose equipment for accomplishing this 
task. 

[0005] The use of boilers is one of the most common ways of generating steam. A 
boiler produces steam which is a saturated vapor, which is invisible to the naked 
eye. Saturated vapor is 100% gaseous water. The problem with using saturated 
vapor is that, as the saturated vapor is moved from its production source to the 
points of interaction with the hay, heat or energy is lost from the saturated vapor and 
condensation occurs resulting in water droplets being formed. When viewing a 
steam cloud, the water droplets are the visible component. 
[0006] In prior art systems such as that disclosed in U.S. Patent 5,758.479, for 
example, heat is first lost into the ambient environment through steam piping 



extending between a steam generator, located on a towed trailer, and a steam 
distribution manifold, carried by the baler pick-up. In addition, as the steam travels 
through the atmosphere from the injection nozzles towards the crop, energy is lost to 
the atmosphere. In both cases, water droplets are formed as the water changes 
from the gaseous state to a liquid state and is deposited on the crop. The problem 
with this is that water droplets are not as rapidly absorbed into the plant material and 
therefore do not prevent leaf shatter or loss. Furthermore, introduction of water 
droplets into the crop may cause spoilage, mold growth, and spontaneous 
combustion. 

Summarv of the Invention 
[0007] According to the present invention, there is provided a steam generator and 
steam delivery system in conjunction with a baler which results in re-hydrated crop 
without the above-noted drawback associated with the prior art crop re-hydrating 
system. 

[0008] A broad object of the invention is to provide a steam generator and steam 
delivery system in conjunction with a crop baler for re-hydrating the crop and being 
designed so as to reduce the amount of condensed water that is mixed with the 
water vapor thereby improving the rate of absorption of moisture by the crop. 
[0009] A more specific object is to provide a steam generator and steam delivery 
system, as stated in the previous object, wherein a high energy steam, i.e., steam 
containing very little condensate, is produced by mixing hot gas with a saturated 
vapor such that the gas acts as a heat reservoir as the steam travels in the steam 
lines and as a physical barrier or insulator between the steam and the atmosphere 
as the steam/gas mixture is injected into the crop. One way of achieving this object 
is to use a direct-fired steam generator which produces steam by metering water into 
the products of combustion so as to completely evaporate the water. Another way of 
achieving this object is to use a heat exchanger to transfer heat from a boiler's 
exhaust gas to an air supply, which in turn is mixed with the water vapor produced by 
the boiler. Yet another way to reduce condensation is to provide a double-walled 
steam line and/or discharge nozzle, with the high energy steam or water vapor 
traveling as a stream through the center of the line and/or nozzle, and with a hot gas 
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or a gas with poor thermal transfer properties encircling the high energy steam or 
water vapor as it exits the discharge nozzles that are located on the baler and 
directed toward the crop. 

[0010] These and other objects of the invention will become apparent from a 
reading of the ensuing description together with the appended drawings. 

Brief Description of the Drawings 
[001 1] FIG. 1 is a right front perspective view of a large square baler equipped with 
a steam generator and distribution system, here shown schematically, for re- 
hydrating crop. 

[0012] FIG. 2 is a partial sectional view of a direct-fired steam generator together 
with a mixer for producing a mixture of steam and hot combustion gases. 
[0013] FIG. 3 is a partial sectional view of a steam generator of the boiler type 
equipped for heating air that is mixed with steam at the steam outlet of the generator. 
[0014] FIG. 4 is a sectional view of a nozzle constructed for dispensing a stream of 
steam that is enveloped by a stream of hot gas. 

Description of the Preferred Embodiment 
[0015] Referring now to FIG. 1 , there is shown a large rectangular baler 10 
including a main frame 12 supported on a tandem set of ground wheels (not shown) 
for being towed over the ground by an agricultural tractor (not shown) hitched to the 
foHA/ard end of a tongue 14 fixed to. and projecting forwardly from, the frame 12. A 
main power shaft 16 is provided for being coupled to the power take-off of the tractor 
for the purpose of delivering power for driving all of the driven components carried by 
the baler. 

[0016] Mounted to the frame 12 for gathering windrowed crop to be baled is a pick- 
up 18 supported on gauge wheels 20 and including a tined reel that engages a 
windrow of crop and lifts it for being fed into a chute that directs the crop into a baling 
chamber for being compressed to form a bale, neither the chute nor the baling 
chamber being visible in the drawing. 

[0017] The baler 10 is equipped with a crop re-hydrating system 30. including a 
steam generator 32 which is coupled to a source of water 34 and to a source of 
combustion air 36 and a source of combustion fuel 38 by way of a combustion 
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mixture conduit 40. Appropriate controls would be provided for keeping the right 
fuel/air mixture for combustion and for metering in the right amount of water to be 
turned into steam. The generator 32, water supply 34, fuel supply 36, and air supply 
36 may all be mounted on a mobile trailer, not shown, which in the prior art is 
mounted between the baler 10 and the towing tractor. 

[0018] A main hot gas delivery line 42 is coupled between a gas outlet of the steam 
generator 32 and a manifold 44. Coupled between the manifold 44 and a first gas 
distribution tube 46 is a first gas feed line 48. The gas distribution tube 46 may be 
mounted at any convenient location on the baler 10 so as to be adjacent the windrow 
of crop being lifted into the baler 10 by rotating tines of the pick-up 18. As illustrated, 
the distribution tube 46 is mounted to the tongue 14 so as to extend across the pick- 
up 18, with a plurality of gas injector nozzles 50 being spaced across and coupled to 
the distribution tube 46, and located to inject a mixture of gases, including steam, 
into the crop as it flows past the nozzles 50. A second gas feed line 52 is shown 
coupled to the manifold 44 and leads to a second gas distribution tube (not shown) 
also mounted where its nozzles cooperate with the nozzles 50 to ensure the crop is 
completely contacted by gas, and hence by the steam portion of the gas. 
[0019] Referring now to FIG. 2, details of the steam generator 32 are shown. 
Specifically, it can be seen that the steam generator 32 is a so-called direct-fired 
steam generator including a central combustion chamber 54 defined by an inner 
cylindrical wall 56. An outer cylindrical wall 58 is spaced from the inner wall 56 so as 
to define an annular space 60 which serves to contain water to form a water jacket 
for cooling the inner wall 56. The bottom ends of the inner and outer cylindrical walls 
56 and 58 are closed by a bottom circular plate 62. A top circular plate 64, in the 
form of a ring, is fixed to the top of the outer wall 58 and contains an annular groove 
66 loosely receiving the upper end of the inner wall 56 so that a fluid passage is 
formed for permitting water to flow over the top of, and down along an inner surface 
of, the inner wall 56. A burner 68 includes a mounting flange 70 secured to the top 
circular plate 64 and includes a cylindrical double-walled section 72 that projects 
downwardly through a center region of the top plate 64 to a location a short distance 
below the top of the inner wall 56, the interior of the double-walled section 72 forming 
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an annular space 74 for receiving water for forming a water jacket for cooling the 
burner 68. A steam or vapor outlet 76 is formed centrally in the bottom circular plate 
62. An end section of the main steam line 42 is defined by a water-cooled elbow 78 
having one end coupled to the outlet 76. The elbow 78 has a double-wall forming a 
space 80 serving as a water jacket. The source of water 34 is coupled, as at 82, to 
an inlet leading to the space 80. A conduit 84 is coupled between an outlet 86 
leading from the space 80 and an inlet 88 leading to the annular space 74 of the 
burner 68. A further conduit 90 extends between an outlet 92, leading from the 
annular space 74 of the burner 68 and an inlet 93 in a lower location of the outer wall 
58 leading to the annular space 60 surrounding the combustion chamber 54. The 
flow of water through the steam generator 32 is indicated by arrows and shows that 
water supplied at the inlet 82 flows upwardly through the conduit 84, through the 
water jacket of the burner 68, then down through the conduit 90 to the bottom of the 
water jacket for the combustion chamber 54. Water flows up the annular space 60 
and over the top of, and then downwardly along the inner wall 56, where it is 
changed into steam by the heat of the flame and hot gases contained in the 
combustion chamber 54. 

[0020] The combustion mixture conduit 40 includes an elbow fitting 94 coupled to a 
conical injector nozzle 96 located at a top central location of the burner 68. An 
appropriate igniter 98, here shown as a device for creating a pilot flame, is coupled 
so as to ignite the air/fuel mixture at the end of the nozzle 96 so as to cause a flame 
for producing the hot gases for changing the liquid water to steam or water vapor. 
[0021] As the steam exits the bottom of the combustion chamber 54 of the steam 
generator 32, it will flow through the elbow 78 and into a static mixer 100 forming a 
section of the main steam line 42 and containing mixing baffles 102. 
[0022] Thus, it will be appreciated that the products of combustion of the air/fuel 
mixture will be mixed with, and will impart energy to and/or insulate the steam or 
water vapor, so that it remains in the vapor state as it is delivered to the crop being 
elevated by the pick-up 18 during the baling process. 

[0023] An efficient crop re-hydration process requires that the temperature of the 
gaseous mixture be kept at the minimum which will result in the steam remaining in a 
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gaseous state, i.e., as water vapor, until it contacts the crop to be re-hyd rated. The 
temperature required to maintain the steam in a gaseous state until it contacts the 
crop to be re-hyd rated would of course vary depending on such things as the 
ambient temperature and the altitude of the field in which the crop is being grown, for 
example. A higher temperature would be a detriment since it would merely add 
additional heat to the crop without increasing the rate of absorption of moisture by 
the crop and would require the use of more fuel with its additional cost. While the 
use of such a steam delivery process using pressurized air was not intuitive, since 
tinder dry hay is very susceptible to leaf shatter when subjected to moderate air 
velocity, it was found that steam so delivered re-hydrated the leaves before any 
shattering took place. 

[0024] Referring now to FIG. 3, there is shown a steam generator 104, which may 
be used in lieu of the steam generator 32 for accomplishing the desired production of 
a mixture of water vapor and hot gas for treating crop during the baling process. 
Specifically, the steam generator 104 is designed as a boiler including an insulated 
enclosed body or housing 106 containing a first compartment forming a combustion 
chamber 108 having a fuel burner 110 coupled at a left-hand end thereof for burning 
gas, oil or diesel fuel, for example, this burner being capable of producing a large 
flame 112 which occupies much of the length of the combustion chamber 108. 
Completely surrounding the combustion chamber 108 is a water reservoir 114, 
coupled to a source of water in a manner not shown, including a major section 1 16 
located above the combustion chamber 108. A plurality of heat transfer tubes 118 
are provided in the major section 1 16 of the water reservoir 114 and are connected 
to receive hot gas from the combustion chamber 108 and route it through the water 
chamber section 1 16 so as to heat the water and cause the production of steam at a 
head space 120 of the chamber section 1 16. The generated steam passes through 
an outlet 124 and into a main steam line 126 which is coupled to the manifold 44. A 
vent 128 is provided for receiving hot gas from the tubes 118 after it has heated the 
water, and coupled to the vent 128 is a heat exchanger 130. A source of air under 
pressure is routed into the heat exchanger 130 by way of an inlet conduit 132. A 
conduit 1 34 is coupled between an outlet of the heat exchanger 1 30 and the main 
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gas mixture distribution line 126 so that the heated air is mixed with the saturated 
steam, with the mixture then being routed to treat crop during the baling process. 
[0025] Referring now to FIG. 4, there is shown another way of preventing 
condensation of the steam as it exits the distribution nozzles. Specifically, in this 
embodiment, a steam distribution tube 136 is provided which is constructed of inner 
and outer concentric tubes 138 and 140, respectively having their opposite ends 
closed by plates 142. Mounted at spaced locations along the steam distribution tube 
136 are a plurality of nozzles 144 also constructed of inner and outer concentric 
tubes 146 and 148, respectively. The Inner tube 146 of the nozzle 144 has an end 
coupled to the inner distribution tube 138, and the outer tube 148 of the nozzle 144 is 
coupled to the outer distribution tube 140. Not shown is a coupling of a main steam 
distribution line, with the inner tube 138 and a coupling of the outer tube 140 with a 
source of hot gas, such as the conduit 134, illustrated in FIG. 3, carrying heated air 
that exits the heat exchanger 130. However, it is to be understood that any source 
of steam and heated gas may be respectively coupled to the inner and outer tubes 
138 and 140, respectively. In any event, gaseous steam or water vapor 150 exiting 
from the inner tube 146 of the nozzle 144 is surrounded by hot gas 152 exiting from 
the outer tube 148 of the nozzle 144 so as to insulate the water vapor 150 from the 
atmosphere while imparting energy to it through a sufficient distance from the nozzle 
for the water vapor 150 to impinge upon, and be absorbed by, the crop entering the 
baler 10. 

[0026] It is to be understood that while distribution tube 136 and nozzles 144 are 
described In the context of handling just steam In the inner distribution tube 138 and 
inner nozzle tube 146, that it Is within the purview of the invention to distribute a 
mixture of steam and hot gas through the tubes 138 and 146 and to augment the 
insulating and energy supplying characteristics of the mixture with an envelope of hot 
gas supplied through the outer distribution tube 138 and nozzle tubes 148. 
[0027] Further, it is to be understood that while the re-hydration system 30 is here 
described as being associated with a large square baler. It could be associated with 
any other type of baler, or for that matter, with any other type of agricultural crop 
harvesting equipment where re-hydratlon of the crop with gaseous steam or water 
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vapor would be beneficial. 

[0028] Having described the preferred embodinnent, it will beconne apparent that 
various modifications can be made without departing from the scope of the invention 
as defined in the accompanying claims. 
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